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[0049] Fig. 2 is a block diagram of a specific configuration of the soft-decision value 
converter 334. The soft-decision value converter 334 shown in Fig. 2 includes a multiplier 
334a1, an adder 334b, a multiplier 334a2, and a quantizer 334c connected in sequence. 
Hard-decision data Ebm that is input to the soft-decision value converter 334 is multiplied by 
"-2a w by the multiplier 334a1, V is added to the output from the multiplier 334a1 by the 
adder 334b, and the output from the adder 334b is multiplied by an envelop curve level pn 
by the multiplier 334a2. The output from the multiplier 334a2 is then quantized by the 
quantizer 334c. 

[0050] Since the hard-decision data Ebm is limited to two values of either "0" or "1", the 
envelop curve level pn detected by the envelop curve detector 333 is converted as follows 
by the configuration shown in Fig. 2 according to a value "0" or "1" of the hard-decision data 
Ebm as an output from the transmission logic decoder 34. 
[0051] 

When Ebm=0 ? qm=Q [+a pn] 
When Ebm=1, qnr=Q [-a-pn] 

A value thus obtained by converting the envelop curve level pn is then transmitted 
as a soft-decision value output qm to an error correcting and decoding unit 35a, which in 
turn performs decoding by using a soft-decision Viterbi algorithm. Reference sign a 
denotes a conversion count and depends on a dynamic range of the apparatus. Reference 
sign Q [•] denotes a quantizer. 

[0052] Consequently, even if a value of the hard-decision data Ebm output from the 
transmission logic decoder 34 is the same, the soft-decision value output qm to be output 
from the soft-decision value converter 334 will have a different value depending on the 
magnitude of the envelop curve level pn. 

[0053] In a modulation system that transmits M bits by one symbol, conversion of 
soft-decision value is performed using the same envelop curve level for each symbol, and 
therefore, M soft-decision values to be decoded from a received signal for one symbol will 
have the same absolute value with a varying sign depending on the hard-decision value. 
[0054] The configuration described above takes into consideration the fact that the 
magnitude of the received signal yn level has an impact on accuracy of both estimation of 



impulse response {Ehk} on the transmission line by the transmission line estimator 332 and 
estimation of transmitted symbol Ean by the Viterbi algorithm processor 331. When the 
receiver noise is constant, the magnitude of the received signal level corresponds to the 
magnitude of S/N ratio of the signal. When the received signal yn level is high, the signal 
S/N ration is large as well, resulting in an improved estimation accuracy of estimated 
impulse response {Ehk} on the transmission line by the transmission line estimator 332 and 
this in turn allows correct identification of the received signal yn and estimation of the 
transmitted symbol Ean by the Viterbi algorithm processor 331. On the other hand, when 
the received signal yn level is low, the signal S/N ratio is small as well, resulting in less 
accurate estimation of estimated impulse response {Ehk} on the transmission line by the 
transmission line estimator 332. Therefore, and an error may occur in estimating the 
transmitted symbol Ean by the Viterbi algorithm processor 331 due to the estimated impulse 
response {Ehk} being used in the estimation and the deteriorated error correction 
performance attributable to the small S/N ratio of the signal itself. Obviously, the decoded 
transmitted data Ebm having a value of "0" or "1" and output from the transmission logic 
decoder 34 based on a possibly incorrect transmitted symbol Ean may also be incorrect. 
[0055] It is understood that accuracy of "0" or "1" of the transmitted data Ebm output from 
the transmission logic decoder 34 depends on the magnitude of the received signal yn level. 
[0056] Accordingly, with the present configuration, the soft-decision value can be 
determined by determining a difference in the level of the received signal yn as a difference 
in the envelop curve level pn of the received signal yn, using a relatively large decision value 
to increase the weighting when the envelop curve level pn is high and alternatively using a 
relatively small decision value to reduce the weighting when the envelop curve level pn is 
low. 
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B<^it^>r v^/^lCS {Ehk}- <©}t^»«(4fi<, tf 
#\f • T/i^^y X^*&aSB5331 t>S««-*ynSr3E , L<« 
SUUTHSffi y'V^/WEanOit^SrfT^ rt^-e#5,' L 

/NJt3&S/h£VH9T\ fi26K*i5e»332(c*3ttSei£SS 

*ft^w«/v^JSS {Ehk} Srfflv^'tf^bf • T/u=fy 
XA«i3aSF|5331 O^m^^^VUEan <£>if£5&4. g # 
o S/N Jt^/h<* $ {cfem-tzm <9 ITjEffi^ffc; t fcv v 
Jot, RotLS 538WS*)5c *LTC^J;5ftR 

" o" fcsvMi" i" (nm^m^tcm^zthtc 
[0055] 9 . aift Kr3aa#s34d^tiU*snfc 

^m-r-^ Ebai^" o" Sfclf l" (Ott/j^Stt, §{f 

[0 0 5 6] iot, Sifif -^y nco u-</1/co^:/Jn^ h 
Sffff-^yn^S^Silft^^^pn^jfe/ht Itffii, 

* v ^^'gr itm & ffi «■ M K/h £ < i- 5 c t xm^H tt 

40 J&SpTfiEirfcSo 

[0 0 5 7] (fB 2 (^^ftF'J) HI 7 *4*|6e^^» 2 <7)^ 

m 4 teak \^tc^^(Dm±^m^^n^m^mm3 
At, {^m^m^m^x^^>iiLmmm^m3st^ 
m x. xm& s ttr s o iH{f ga3a«-g-«34f4ia 4 coigm 

«&3afI*»34<!:Pli:tOT*fc9, 2 <^^160iJ<7>tt*U 

\cm?LXA?)tstiz>o 

[oo58] -<D%nm<nm:±%mmi£$kte. £XT<n?& 

50 etcS^^T. tk*iJ^ffii±J*qinSrttl^;i-5wir^"C# 
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[0 0 5 9] MtSRJiaycS <&5i, 42^&ffi3£#S 
[0060] * LTi.a5«t 5 4^o/c^f^>^^j 

[0061] o£>?, as»»a«*»^&a**ixfc* 

[0 0 6 2] CO^ffi^J^Ib^^WTtC^-r^o 

[0063] *i\ a*<ow3pj^«^tas-rsiSfe«v^ 

[0 0 6 4] S{ffB#yn*sX**ttSi: fcf^ ^ - TA-=* 
y XA#ya«B33m. -eaiB&«^»332lC:fc^Tt£j£Sn 
fceiSK^w^/u^jCSlltjeMlEhk]. (k=0. • • - .K) 

[0 0 6 5] eSK*6^»332T-*±, £««*yn i t^ 

JCSlft^ffii: LTtf^hf • T/u^y X^«igfflS331«cA 
*L5 0 : 



72 



70 



20 



30 



* [0 0 6 6] -2f , GMRfi«ifcti»335-Cf*. {e^S&cO 

m-r-So wtifi, 0Ux.fi. tarr 1 *^?*^*, 

[0 0 6 7] ttW5t«aE*«5334f4, 6 
□ Sr. ^mt^StS^34co tti^J "C^> ^^W/ev^- ^ Eb* 0 
1 SfcttOloSCT. X»UfcffiS:t)C*J^ffl[7 f -->- < l: L 
■C»*jfTjE«-g-«35ti:ffly3i-So 

[0 0 6 8]HT^ 1 i^aOuT*Mtf y hSriSlfff-rS 
^W^ScoCTi: LT. QPSK<7)»&«:K91-*-5o 

[0 0 6 9] 0PSKr*fi. 1 fcf^y h^lHL 

rv^6 0 *<D2\?iyh$: (bm_i. b«n_q) T^i"<h. .ffiffi 

<o««c3£«-t 5 r <b tf>T*# <5 0 
[0 0 7 0] 0 8 <D{±Lfa¥ffi±<D{±Ll®m&jjfa t &^<D 

i-Si:, EbrnJO^J^fitt Qm_i^. Ebm.qcotttU^ffi Qm 
_qi*. 

EbmJ = 0 (7>B#. qm_i = G[+f_i(0n t Eb m _ 
Ebm_i = 1 O0#, q m _i = G[-f_i(0n, Ebm_ 
Ebm_q = 0 cOH#, q m _q = Q[+f_q(0n, Ebm_ 
Ebm_q = 1 qnjq = Q[-f_q(0n t Ebm_i 

[0 0 7 1] 0[ • Itti^fbSSrS-ro f 

(8n. Ebm.i, Ebm_q)tt«63£fil:taRSSi:, -t^ffi*^ 

i9<^ (a) — (d) tC^*^*L;^i- 0 

[0 0 7 2] (Ebm_i=0 Ebm_q=0) (Ebm_i = 

1 /j>o Ebm_q=1) (DiMS 

[0 0 7 3] 

mi] 



f_i( 6 n . Eb^. Eb^q) = 



Ebm_q)] 
Ebm_q)] 
Eb*>_q)] 
Ebm_q)] 



0 

cos( 0 J 
1 

cos( 0 n - 
0 



»r/2) 



0n<- nP. 
0^0 n< tt/2 
jt ^ On 



[0 0 7 4] 



f_q(0 n , Eb^i, Eb m _q) = 



[*2.] 

0 

cos(0 n + tt/2) 
1 

cos( 0 „)" 
0 



-tt/2 ^ 0 n < 0 
0 ^ 0 n < tt/2 
tt/2 ^ # n 



[0 0 7 5] (Ebm_i=0 /j>o Ebm_q=1) (Ebm_i= [0 0 7 6] 

1 /jo Eb,_q=0) CDif^ [«3] 
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f_i(0 o , Eb_i, Eb^q) = 



(8) 



0 



cos(0„+ tt/2) 
1 

cos(0 n ) 
0 



ffl¥8- 3 0 7 2 8 3 



14 



0 a <-n 

-7T ^ d n <-7T/2 

-n/2^8 n <0 
0 ^ 0 n < kI2 



[0 0 7 7] 



f_q(0„, Eb^i, Eb m _q) = 



[$SU] 

w 

0 

cos( e n ) 
i 

cos(0 n - tt/2) 
0 



0 n <-7T/2 

0 ^ 0 n < tt/2 
tt/2^ /9 0 < tt 



[0 0 7 8] SEl^Sx-li, lv'^V^tD 1 

[0 0 7 9] *<Dm<DW&lfetB.^ (D^m~Z, 20 
Ebn, = 0 (Dm, qm = G[+f (0n) ] 

Ebm = 1 (Dm, qm = 0["f (0n)] 
CO J; ? Idf? 9 o 

[0 0 8 0] 0[-]l«^ft»^fo ^^, f 

f (On) = COS(0n) | 0n | ^ K /2 

[o o 8 i ] u±wmcmwistc£?{c, unsworn 2 30 
(Dmmmte. m±^m , m^c^^x , 

SrttW^tti: bxm^-t-^ct 5fcLfcOT\ tt¥U5£tB* 
[0 0 8 2] Lfc^ot, 1 v'^>t#t ,, y hSriHW 

[0 0 8 3] (£S3a>3SJS0«) HIl 0f*#«.9IKJ:5a 40 

m4\z^^fzu^<Dm±w^mm^c{iL^mmmm 

»335*&»M*»HJ»333. ttttSttSEftSMMS: . 

lmx.XffifSL£inX^2> 0 i£ff Ife3tfi-i-«34fiig 4 co^f 
f^mm^34i:(^i:t^T'fe<9, r^^»?'J^*k^J^ffi 
m^qm I*. HI 5 CQI£ 9 tr:E«#»35l£BSW^6Eb» tc# 

[0 0 8 4] mz (Dmmmnmm*, §§2 <hmMw<om 
mi(Dmmmx*mm^tc^m^m33^mn 
u ttwffi«aE*«334jc. m^immmt^m^ so 



[0 0 8 5] «TK1. ^^tU^333i^J^{g^ 
[0 0 8 6] a^^ffi^333-C*^mm-^yn^Q^ 

[0 0 8 7] 

Pn=(1-5) • Pn-1 + 5 * I Yn I 2 (tf:U 0<5<1) 

[0 0 8 8] ttW3£«aC»«95334tt. «i3effi«»IS 0 n i 
i^A-pn Sr. i£{f «&S«#»34tf>ffl;a^fc5«*U 

^-^Ebmcoi^fc^oic^cT, smufcfi:Sr®;¥JJ 

SEffi^— L"C»<9fTjE8[^-«35^aiy3i-5o 
[0 0 8 9] «TX\ 1 ixVTK/W-rMbry hSriiff-rs 

[0 0 9 0] OPSK-Cfi. 1 2 try h SriUfS L 

"Ct^So *<^2tTs/ hSr (b»_i. bm_q) "C»i-<t, ffiffi 

cO«^3£«i-Sr i:36S-C#5. 

[0 0 9 1] 18 (7){fcta^p®±(OfiLta[H]te^[p] 4: ^^-^ 
*HCSr, 9 StjE*-|6]v B#§+[h] *9 SriS?*ffi] <t 5£« 

•rst, Ebm.iOttW^fil: q>n_i<t, Ebm_qcO®:W^ftt q* 

Eb m _i - 0 (Dm, qm_i = Q[+a 
Ebm_q)] 

Ebm J = 1 (Dm, qm_i = Q[-a 
Ebm_q)] 

Ebm_q = 0 (Dm, qm_q = 0[+a 
Ebm_q)] 

Ebm_q = 1 (Dm, q«n_q = Q[-a 
Ebm_q)] 



Pn • f_i ( 9 n. Ebm_i, 



Pn • f_j ( 9 n, Ebm_i, 



Pn 



' Pn 



f _q ( 6 n . 

' f_q(0n\ 



Ebm_i, 



Ebm_i, 
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[0 0 9 2] f_i(0n. Eb m _i. Ebm_q) <tf_q(0n, 

Eb n _i, Eb«_q)(i|g2a?||ljfifl«Ji:Pi:t>^Srffli^o 
[0 0 9 3] S3*^a60»jTfi, m2<OMMm\cJ}QjL 

[0 0 9 4] (^OftHO^IJSW Ctl^^llIWtvTL 

[0095] ffliAtf. H4-eiftMbfc«*K^, tr*" 
mint** mm&t&fe»<o*x\zmi£&m ->^/u«:m^ 

ttfc< TJ;9>hSiMHH (0>J*.tfT/2) T^v^y^ 

[009 6} ^tcz^h<Dmmmx^ \B\^mf^fj>mm 

lifts r <b^S*«h Lt (i) ^:ti^UfcJ:9ft. 
<^fl#Wfi*CS>5FIR (Finitelmpulse Response) ;7><yu 
[0 0 9 7] ft4b\ r 1 <Dmi&&l<DtkntiEi&&&M 

fete" 0" c r )fi<t-a*&^u-<^pn(cS<5v>/c®:¥iJ^{iI 

qm^<7>g£^£r, Ebm = 0<£>R£. qm = Q [+a • pn] 

— jEb m =l(7)^ qm = Q [- a • pn] t L~C 

r% ttw^ffids" jE" <Dm&\c" o" turffitDS 

V\ " ft" <0»^fc" 1" i: Lt.R9«5 ct 5fctt<3* 
£7^- 9 E bm (OfStc^ bfcSJlS* l^^Kc J: 5 ^ft 
[0 0 9.8] fljitf, ^cr>^DfTIEm^35ac7pt^ 

bfryu=fy x^ia-g-ag<DX7>^^ h y ^ owwss.-c, 

tt" fii£tcftS 0 

[0 0 9 9] £/c. fg2&tffg3<7^jffiWT'f3:, ffi^W 



(9) 43HW8 - 3 0 7 2 8 3 

mm i>-c «*j jc is d r u m & «t*u <t l -c 
[oioo] ffiftsi, Kssojt&stffi&vsft 

[0 10 1] ~(D$£W<Dm%z<D—mtlsX, «/4V7 

hiensfffinsen (dqpsk) ic^^ionitwsriiffl 

6 (a) Rrj (b) ii^-To v'a^-v/ayMfl 
70 -»-7j?/u|fflBiaT(i4 l Msec, fcj£&^7vM3:2ig^u 
^A^tvI^*;*: JHBt»4 0Hz-Cfc'*K 6 = 

2- 4 Wa=lt'fc5 0 2 jftO^iSffiraPBfi, 13 6 (a) 
fcOTX&Vme (b) j&*0. 5TT*fc£ 0 
[0102] |36k*5^-t\ ««l(iEb/No ( 1 \fy h 

tTEa-^S&<Otry>K»9*, □(l*55Kt-<t5«C*J^ffl[ 

[0 10 3] Z<D^0^^rigffi Ufc**^yiJ*63£SS-C(±, 

-Stem 6 (a) (C^-f J: iiffi , 

*S0. 5 TOf^iii 6 (b) (OTfJ:9{-l/2. 5 

[0 10 4] 

[ms^wmfti^p^] 
[mi] 

[113] r<0»l^|ltfc«0***5i]«tS«S:*{b»33 

[B4] fttefrhmtmsb itfflv^n^t±« 

So 

[16] */4^:7 hSiKfflffifcgSB! (DQPSK) ti^ (7) 
50 IBl^llJSWSrafflLfca^a?, .tfs> hi^«9^->^ ^ 
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[17] C<O«WO«2CO^ai£0»J<7>ft±*?iJ*fl3£S^1fl 

I 3HB« 
2 

3, 3a gffSS 

II »0trjEfflF-8^b« 
12 



75 



13 
14 
31 

32. §(f p-/^7^/u^ 

33, 33a 

34 &im&mm^%* 

35, 35a K 9 iTjE«-SHS 

331 if • r/u^y 'x^saaas 

332 £%tttit£« 
/<? 333 £tfrfttt£U# 

334 •#U3£«2E*» 
334a 1, 334a2 

334b ^nJSS* 
334c *T-fb§£ 

335 ffi4Biafgtttt& 
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[SI4] 
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